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INTRODUCTION 

The  major  purpose  of  a  water  distribution  system  is 
to  connect  households,  industry  and  fire  hydrants  to  the  water 
treatment  plant.    All  the  water  entering  the  system  must  be 
of  potable  quality  with  a  chemical  and  physical  nature  not 
prone  to  deterioration.   If  the  distribution  system  is  planned 
and  maintained  properly  the  water  quality  and  carrying  capacity 
should  not  deteriorate.   Many  of  the  common  problems  associat- 
ed with  distribution  systems  can  be  eliminated  by  either  alter- 
ing t^^e  quality  of  the  water  entering  the  system  or  by  conduct- 
ing various  maintenance  procedures.   This  bulletin  provides  the 
basic  guidelines  to  rectify  these  problems. 
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1.0    PLANNING 


Proper  planning  is  a  very  important  way  of  avoiding 
future  problems  in  a  distribution  system.   Since  a  distribut- 
ion system  is  continually  expanding,  a  plan  should  be  devised 
to  guide  the  sizing  and  the  location  of  trunk  water  facilities 
and  pressure  zones  to  meet  the  expanding  needs  of  the  municip- 
ality.  The  plan  should  be  updated  at  least  every  five  years, 
it  should  provide  guidelines  for  the  oversizing  of  mains  to 
meet  future  needs. 

Prior  to  any  pipes  being  installed,  the  characteristics 
of  the  water  should  be  determined  to  find  the  most  compatible 
type  of  pipe  for  its  distribution. 

Attention  should  be  given  to  prevent  "dead  ends",  since 
these  are  notorious  for  causing  problems.   These  problems  are 
usually  due  to  stagnation  and  can  be  largely  eliminated  by  a 
periphery  type  of  grid  system.   Inadequate  flow  conditions  can 
frequently  occur  when  the  mains  are  too  large  for  the  regular 
flow,  because  they  are  designed  to  accommodate  fire  flow  or  over- 
sized for  future  development.   Possible  solutions  would  be  to 
have  large  industrial  users  at  the  end  of  a  residential  main  or 
to  run  dual  mains  if  the  future  development  is  not  imminent. 

Programs  to  prevent  and  el  iminate  cross-connections,  between 
sources  of  pol  1  ution  and  the  pipes  of  a  potable  water  supply,  should  be 
e<;tablished  for  every  distribution  system.   Also,  every  effort 
should  be  made  to  avoid  negative  pressure,  which  can  draw  pollut- 
ants into  the  system  by  back-siphonage.   Negative  pipe  pressure 
can  be  caused  by:  booster  pumps  taking  suction  from  a  main,  fire 
demand,  main  breaks  or  water  usage  exceeding  the  hydraulic 
capacity  of  the  system.   It  is  a  good  policy  to  have  water 
pressure  recording  gauges  in  the  system  so  that  any  conditions 
that  reduce  the  pressure  dangerously  can  be  detected. 

Distribution  reservoirs  should  be  covered  to  prevent  the 
entrance  of  algae  and  macroorgan isms  especially  those  like  midges 


that  have  a  mosquito-like  flying  adult  stage  and  an  aquatic 
larval  stage.   Proper  planning  in  the  location  of  reservoirs 
can  largely  prevent  wide  fluctuations  in  the  chlorine  residual. 

2.0     WATER  QUALITY 

The  main  purpose  of  water  treatment  is  to  make  the  water 
safe  for  human  consumption.   The  water  must  be  free  of  pathog- 
enic organisms  as  well  as  meet  the  criteria  for  chemical  and 
physical  parameters  as  set  out  in  the  MOE  Drinking  Water 
Objectives.   Also  the  water  should  be  free  of  macroorganisms, 
algae  and  be  low  in  organic  debris.   Those  responsible  for 
the  distribution  system  must  strive  to  protect  the  water 
quality  against  deterioration  caused  by  any  introduction  of 
foreign  material,  especially  those  that  could  contain  human 
wastes . 

2: 1     Bacteria 

A  bacteriological  sampling  program  is  required  to  confirm 
the  safety  of  the  water  in  the  distribution  system.   The  results 
from  the  analysis  will  be  considered  against  the  Ministry's 
Guidelines  for  Drinking  Water.    The  recommended  minimum  number 
of  samples  and  minimum  frequency  of  sampling  the  distribution 
system  is  as  follows: 


Population  Served     Minimum  No.  of        Minimum  Frequency 
Samples  per  Month         Sampl ing 

Up  to  100,000         8  +  1  per  1,000  of         weekly 
population 

over  100,000  100  +  1  per  10,000  of      daily 

population 


if  the  samples  are  of  acceptable  quality  in  terms  of  the 
indicator  bacteria  examined  for,  it  is  reasonably  certain  that 
the  samples  are  also  free  of  disease  producing  bacteria  and  viruses. 
Paras  i tie  protozoa  such  as  Giardia  1 ambl ia  and  Entamoeba  histolyti  ca 
may  be  present  when  the  indicator  bacteria  are  el iminated  but  they  can 
be  controlled  by  efficient  water  treatment  before  disinfection. 


2:2    Chlorine 

The  type  and  level  of  chlorine  residual  maintained  in 
a  distribution  system  is  dependent  on  many  factors,  such  that 
each  system  must  be  considered  separately  to  determine  the 
optimum  values.   Outlined  below  are  some  general  statements 
concerning  the  benefits  and  hazards  of  maintaining  free  and 
combined  chlorine  residuals. 

If  water  entering  a  distribution  system  is  of  good 
quality,  free  of  pathogens,  and  a  free  chlorine  residual  of 
0.2  -  0.3  mg/1  can  be  easily  maintained  to  the  ends  of  the  dis- 
tribution system,  several  factors  are  indicated: 

a)  The  distribution  system  is  in  good  condition  and  is 
relatively  free  of  capacity   reducing  slimes  and  debris. 

b)  The  water  should  be  free  of  pathogenic  organisms. 

c)  The  water  should  be  free  of  nuisance  causing  macroorgani sms. 

d)  The  palatability  should  be  acceptable. 

e)  Corrosion  problems  due  to  microorganisms  will  not  occur. 

f)  Bacterial  aftergrowths  and  taste  and  odour  (e.g.  hydrogen 
sulphide)  problems  will  not  develop. 

g)  The  proliferation  of  act inomycetes  and  their  resulting 
taste  and  odour  problems  will  not  occur. 

if  a  free  chlorine  residual,  previously  always  present,  suddenly 
dissapears  in  any  section  of  the  system,  this  is  a  good  indication 
that  chlorine  consuming  material  has  entered  the  system  and  an  immed- 
iate checl<  should  be  undertaken  for  adverse  bacteriological  samples 
and  any  new  or  changed  connections. 

A  free  chlorine  residual  entering  a  badly  contaminated  system 
can  cause  taste  and  odour  problems  since  i  t  wi  1 1  eventual  1  ty  al  1  be- 
come combined  residual  and  will  then  consist  mainly  of  nitrogen 
trichloride  and  dichloramine.   Even  after  the  mains  have  been 
cleaned  this  can  still  occur  in  a  customer's  pipes. 

Combined  chlorine  residuals  in  the  distribution  system 
are  beneficial  but  the  benefits  are  usually  not  as  pronounced  as 
with  a  free  residual.   Chloramines  are  much  less  effective  as 


disinfectants  and  due  to  their  unreactive  nature  they  will 
persist  further  into  the  distribution  system.   Taste  and  odours 
are  sometimes  intensified.   A  combined  residual  will  reduce 
but  not  necessarily  eliminate  bacterial  aftergrowths,  macro- 
organisms,  corrosion  and  capacity  reducing  deposits  due 
to  microorganisms.   Also  combined  residuals  have  little  clean- 
ing effect  on  a  heavily  fouled  distribution  system.   But  with 
a  clean  distribution  system  a  sufficiently  high  combined 
chlorine  residual  of  O.*»  -  0.5  mg/1  ,  primarily  in  the  form  of 
monochloramine,  will  maintain  the  water  quality  and  not  have 
the  tendency  to  develop  nitrogen  trichloride,  which  would 
cause  consumer  complaints. 

There  has  been  some  recent  concern  about  the  production 
of  trihalomethanes  in  chlorinated  drinking  water.   This  concern 
should  not  lead  to  decreasing  chlorination  levels  below  those 
necessary  to  produce  pathogen-free  drinking  water.   Likewise 
excessive  chlorine  should  not  be  added  for  results  of  only 
marginal  value.   Chlorine  is  not  a  "cure-all"  chemical,  where 
increased  dosages  will  remedy  all  the  problems  in  water  treat- 
ment but  it  will  put  the  finishing  touches  on  an  already  good 
quality  water.   One  way  to  reduce  the  production  of  chlorinated 
organics  is  to  remove  the  organic  precursors  by  efficient  water 
treatment  (coagulation,  filtration  etc.)  prior  to  chlorination. 

2:3    Macroorgani  sms 

The  macroorgani sms  that  are  usually  found  in  water  mains 
and  reservoirs  include:  copepods,  cladocerans,   nematodes  and 
oligochaetes.   They  are  usually  not  harmful  but  they  can  become 
a  nuisance  when  they  can  be  detected  by  the  consumer.   Their 
abundant  presence   usually  indicates  a  distribution 
system:   with  considerable  debris,  causing  reduced  capacity; 
probably  unable  to  maintain  a  chlorine  residual;  probably  with 
bacterial  aftergrowths  and  taste  and  odours. 

These  animals  need  nutrients  in  order  to  live  in  the  dis- 
tribution system  and  these  are  supplied  in  the  water  entering  the 


system.   If  the  water  from  a  1  MGD  plant  contains  1  mg/1 
organic  matter,  this  amounts  to  over  H  tons/year  of  nutrient- 
laden  material.   Over  several  years  a  suitable  environment 
can  be  created  in  sections  of  the  distribution  system  for  macro- 
organisms  to  live.   They  enter  the  system  via  an  unfiltered 
surface  supply  or  whenever  a  breal<  in  a  main  becomes  contaminated 
with  surface  water  even  from  small  ditches  or  ponds.  They  can 
also  enter  a  system  that  has  complete  treatment  if  the  equip- 
ment is  not  designed,  maintained  or  operated  properly.   When 
the  treatment  is  not  excellent  most  macroorgani sms  could  only 
pass  through  the  plant  in  the  ova  stage  but  some  feel  that  adult 
nematodes  are  able  to  pass  through  sand  filters. 

Nematodes  have  been  reported  to  be  capable  of  carrying 
ingested  human  pathogens  through  a  disinfecting  zone  of  chlorine. 
This  could  also  apply  to  other  macroinvertebrates  usually 
found  in  distribution  systems  since  many  could  ingest  the  same 
pathogens  while  feeding.   For  this  reason,  macroinvertebrates 
should  be  kept  from  entering  the  distribution  system. 

Problems  with  macroorgan i sms  can  develop  whenever  the 
water  quality  tends  to  deteriorate  as  in  slow  moving,  nutrient- 
rich  sections  of  main  such  as  "dead  ends".   Control  of  these 
organisms  is  frequently  difficult  since  many  are  very  resistant 
to  chlorine  or  can  avoid  any  temporary  high  doses  by  hiding  in 
the  sediment  in  the  mains.   To  control  any  heavy  infestation, 
the  debris  in  the  pipe  must  be  removed  from  all  parts  of  the 
system.   Simple  flushing  will  rarely  clean  the  main  sufficiently 
but  it  can  be  used  as  a  very  temporary  (a  few  days  to  a  few 
weeks)  means  of  reducing  the  numbers  present. 

Long  term  control  measures  include:  reducing  the  nutrients 
entering  the  system;  eliminating  if  possible  the  entry  of  in- 
vertebrates; breaking  the  cycle  whereby  nutrients  becomes  avail- 
able to  macroinvertebrates  and  keeping  the  distribution  system 
clean.   They  can  be  achieved  by:  efficient  treatment,  which 
allows  only  low  turbidity  water  to  enter  the  system;  covering 
reservoirs;  maintaining  a  chlorine  residual  and  systematic  clean- 
ing of  the  distribution  system  by  flushing  and  foam  swabbing. 


2 :h  Corrosion  and  Reduced  Hydraulic  Capacity 

A  problem  in  distribution  systems  is  the  loss  of  carry- 
ing capacity  due  to:  corrosion,  tuberculat ion  and  the  accum- 
ulation of  organic  material,  slime  and  scale.   This  will  be- 
come more  serious  as  the  cost  of  energy  increases  since  pump- 
ing costs  can  increase  dramatically  as  the  carrying  capacity  is 
reduced.   Methods  of  cleaning  mains  are  discussed  elsewhere 
but  several  things  can  be  done  to  the  water  entering  the  system 
to  reduce  this  problem.   The  water  should  be  "stable",  with  a 
low  turbidity,  low  organic  content  and  carry  a  chlorine  residual. 
A  "stable"  water  is  one  that  netiher  corrodes  nor  deposits  a 
scale.   These  phenomena  are  in  equilibrium  and  depend  upon  alkalinity, 
pH,  temperature ,  calci um  ion  and  carbon  dioxide   concentrat- 
ions.  A  measure  of  the  corrosion/deposition  can  be  made  by 
Langelier's  saturation  index.   Positive  values  are  scale  forming; 
negative  values  are  corrosive;  a  zero  value  is  termed  "stable". 
Several  authorities  recommend  a  slight  scale-forming  quality  to 
protect  against  corrosion. 

When  corrosion  occurs,  there  is  the  encouragement  of  bio- 
logical growths,  increased  chlorine  demand,  reduced  oxygen,  prod- 
uction of  adverse  taste  and  odours  and  the  possibility  of  pipe 
failure.   Corrosion  is  usually  a  complex  problem,  frequently  with 
different  causes  at  each  location.   Therefore,  there  are  differ- 
ent control  measures,  some  of  which  are:  deactivation  of  the 
water  with  chemical  treatment,  non-corroding  pipes,  special 
linings,  deposition  of  protection  coatings,  outside  insulation, 
cathodic  protection  or  inhibitors. 

Some  corrosion  is  caused  by  the  properties  of  the  water 
itself,  while  other  corrosion  is  thought  to  be  associated  with 
iron  and  manganese  bacteria  or  sulphate  reducing  bacteria.   The 
latter  are  often  associated  with  the  underside  of  tubercles  where 
they  cause  pitting  of  iron  pipe.   They  are  quite  difficult  to 
control  once  established,  since  the  tubercle  protects  the  bacteria 
from  any  chlorine  residual  in  the  water.   The  presence  of  iron 
and  manganese  in  the  water  contributes  to  and  promotes  the  growth 

(l)   See  AWWA  -  "Water  Quality  and  Treatment"  or 
Holden  -  "Water  Treatment  and  Examination". 


of  iron  bacteria.   These  forms  utilize  both  iron  and  manganese 
in  their  metabolism  and  can  cause  a  considerable  slime  deposit 
on  the  walls  of  the  pipe.   This  reduces  the  capacity  of  the 
pipe  and  since  the  deposits  periodically  slough  off,  can  cause 
complaints  from  both  domestic  and  industrial  users.   Other 
bacteria  can  deplete  the  oxygen  and  produce  carbon  dioxide  and 
thereby  creating  severe  reducing  conditions  that  can  dissolve 
iron  and  manganese  deposits.   When  there  is  little  flow,  as  in 
dead  ends,  the  iron  accumulates  to  produce  "red-water"  problems. 

Bacterial  corrosion  can  usually  be  controlled  with  a 
chlorine  residual,  however  the  microenvi ronment  at  the  pipe- 
water  boundary  can  be  vastly  different  from  the  environment  in 
the  middle  of  the  pipe.   The  flow  at  the  boundary  is  virtually  nil 
and  the  conditions  can  be  anaerobic  as  opposed  to  aerobic  in 
the  rest  of  the  main  and  there  can  be  considerably  higher  concen- 
trations of  organic  materials  and  trace  elements.   The  chlorine, 
especially  at  low  concentrations  may  not  have  any  effect  in 
this  zone,  and  the  problem   is  compounded  when  a  sediment  or  slime 
layer  is  present. 

The  presence  of  iron  in  the  water  ("red-water"  or  "red-scale") 
does  not  necessarily  indicate  corrosion,  since  the  iron  could 
have  been  originally  present  in  the  raw  water. 

2 :5    Taste  and  Odour 

Taste  and  odours  can  develop  in  the  distribution  system. 
This  can  happen  due  to  the  colder  winter  temperatures  causing  a 
delayed  reaction  between  organic  material  and  chlorine.   Another 
example  is  the  reaction  with  phenol  that  initially  produces  inter- 
mediate chlorophenol s  which  are  very  odourous.   The  production 
and  persistance  of  these  compounds  if  affected  by  pH,  temperature, 
presence  of  ammonia  and  the  concentration  of  the  reactants. 

Many  problems  develop  in  the  system  due  to  microbial  growth 
in  the  mains  or  the  reaction  of  chlorine  with  the  microbial  growth. 
The  organisms  that  cause  these  taste  and  odours  are  fungi,  actinomy- 
cetes  and  the  bacteria  associated  with  tubercles  and  slimes.   The 
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problem   is  often  more  acute  if  the  pipe  is  locally  warmed,  as 
in  domestic  pipework. 

To  control  the  development  of  taste  and  odours,  the 
water  entering  the  system  should  be  free  of  odour  producing 
organic  material.   This  is  often  accomplished  by  the  common 
water  treatment  processes  of  aeration,  coagulation,  flocculat- 
ion,  sedimentation  and  filtration.   An  initial  free  chlorine 
residual  will  frequently  oxidize  odour  producing  substances, 
however,  sufficient  oxidizing  potential  must  be  present  or  the 
problem  may  be  enhanced.   Some  taste  and  odours  are  often 
thought  to  be  from  the  chlorine  compounds  themselves  but  as 
shown  in  the  following  list  some  high  residuals  of  certain 
chlorine  compounds  are  possible  without  being  nuisances: 

Free  Chlorine  (HOCl  +  OCl')  20   mg/1 

Monochloramine  (NH2CI)  5.0  mg/1 

Dichloramine  (NHCI2)  0.8  mg/1 

Nitrogen  Trichloride  (NCI3)  0.02  mg/1 

Nitrogen  trichloride  and  to  a  lesser  extent  di chloramines  are 
the  worst  offenders.   They  are  formed  when  there  is  excess 
chlorine  and  considerable  amounts  of  organic  nitrogen.   There 
are  also  other  N-chloro  compounds  exhibiting  characteristics 
of  dichloramine  which  can  cause  problems.   Chlorinous  odours 
appear  greatest  where  the  chlorine  residual  is  declining. 

3.0    MAINTENANCE 


Proper  maintenance  of  a  distribution  system  can  prevent 
or  at  least  reduce  problems  in  the  system  and  is  essential  for 
providing  good  quality  water  to  the  consumer.   The  intensity 
of  problems  can  often  be  measured  by  the  number  of  complaints; 
these  should  always  be  fol lowed-up  since  valuable  information  can 
be  gained  on  the  water  quality  in  the  system. 

Conditions  in  the  distribution  system  should  be  known  at 
all  times  so  that  preventative  action  can  be  taken  to  avoid  problems. 
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If  sediment  build-up  is  known  to  occur  in  a  certain  area  then 
a  regular  schedule  of  cleaning  can  be  established  and  thereby 
at  least  reduce  the  extent  of  the  problems.   Maintenance 
procedures,  like  flushing,  can  reduce  problems  such  as  sedim- 
ent build-up,  bacterial  aftergrowths,  nuisance  macroorgan i sms 
or  "red-water"  but  improving  the  treatment  process  by  adding 
coagulation  and/or  filtration  to  remove  organic  material  or 
adjusting  the  pH  to  control  corrosion,  may  be  the  required  long 
term  corrective  measures.   Anything  more  than  minimal  mainten- 
ance procedures  indicates  poor  water  treatment  or  a  poorly 
designed  distribution  system. 

3:1    General  Procedures 


Distribution  system  plans  should  be  provided  in  each 
maintenance  vehicle  and  at  a  central  location  so  that  hydrants, 
valves  and  mains  may  be  quickly  located  in  cases  of  emergency. 

Valves  should  be  operated  at  least  once  a  year  and  the 
direction  of  operation,  clockwise  or  counter  clockwise,  should 
be  standardized.   Valves  that  do  not  work  should  be  repaired 
or  removed.   The  location  of  valves  should  be  marked  by  standard 
markings  on  the  road  so  that  they  may  be  located  in  the  winter. 

it  is  advisable  to  provide  a  valve  on  hydrant  leads  so 
that  hydrants  may  be  repaired  without  shutting  down  a  section  of 
the  distribution  system.   Hydrants  should  be  inspected  at  least 
twice  a  year  to  ensure  that  they  are  operative,  with  one  check 
being  in  the  fall  to  ensure  that  there  is  no  water  in  the 
hydrant  barrel . 

Anti-freeze  should  not  be  used  to  prevent  freezing  in  the 
hydrant  barrel.  If  the  hydrant  valve  leaks  it  should  be  repair- 
ed. If  water  enters  via  the  drainage  ports  they  should  be  plug- 
ged and  the  hydrant  barrel  pumped  out  after  each  use. 

In  areas  where  serious  "red-water"  conditions  are  encount- 
ered, hydrants  should  be  operated  frequently  so  that  their  use 
in  extinguishing  a  fire  will  not  be  hindered  with  the  discharge 
of  debris  from  the  hydrant.   A  by-law  should  be  in  force  restricting 
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the  use  of  hydrants  to  authorized  persons,  otherwise   there 
may  be  hydrant  damage  preventing  their  use  in  time  of  emergency. 
If  a  contractor  must  use  water  from  a  hydrant,  a  secondary 
valve  and  piping  system  should  be  attached  so  that  the  hydrant 
may  be  left  fully  open  which  closes  the  drainage  ports. 

Flow  tests  are  useful  in  determining  the  extent  of 
corrosion  or  capacity  reducing  deposits.   A  measure  of  carry- 
ing capacity  is  given  by  Hazen  and  William's  formula   for  "C", 
A  "C"  value  of  140-150  indicates  a  straight  and  smooth  main, 
while  a  value  of  40-50  indicates  a  badly  tuberculated  pipe  or 
one  with  a  significant  sediment  deposit.   A  50^  decrease  in  "C" 
indicates  that  the  carrying  capacity  has  been  reduced  by  50^ 
which  will  increase  the  pumping  costs  several  fold.   To  determ- 
ine the  "C"  value  the  headloss  is  measured  over  several  thous- 
and feet  of  main  containing  valves  and  other  fittings.   Yearly 
checks  on  this  segment  of  the  distribution  system  should  indicate 
if  there  is  any  deterioration. 

3:2    Clean  i  ng 

a)    Cleaning  Water  Mains 

Pipe  line  carrying  capacity  can  be  seriously  re- 
duced by  tubercles,  slimes,  scales,  inorganic  or  organic  debris 
and  biological  growths  which  can  all  cause  turbulence  and  size 
reduction  both  of  which  can  cause  reductions  in  carrying 
capacity.   There  are  several  water  main  cleaning  procedures 
but  the  most  common  is  flushing.   This  is  usually  carried  out 
at  hydrants  or  blow-offs  but  an  adequate  flow  must  be  obtained 
to  clean  the  main.   Several  hydrants  may  have  to  be  opened  if  a 
large  main  is  involved,  however,  this  can  only  be  done  if  the 
pressure  is  not  reduced  to  hazardous  levels  in  other  parts  of 
the  distribution  system.   Outlined  below  are  the  velocities 
required  to  clean  various  sized  mains  as  reported  by  Sands  (1969). 
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Min. 

flows  to  suspend  loose  deposits  of  eq 
diam.   0.2  mm 

ui  V. 

Pipe 
diam. 
mm(  in.  ) 

Specific  Gravity(SG)=3.0 

SG  =  2.0 

SG  =  1.5 

m/s  (ft/s) 

1/s  (igpm) 

m/s  (ft/s) 

1/s  (igpm) 

m/s  (ft/s) 

1/s  (igpm) 

50  (2) 

1.2  (/..S) 

3.0  (i»0) 

0.9  (3.0) 

1.9  (25) 

0.7  (2.2) 

1.5  (20) 

80  (3) 

1.6  (5.2) 

7.6  (100) 

1.1  (3.7) 

5.3  (70) 

0.8  (2.6) 

3.8  (50) 

100  (it) 

1.8  (6.0) 

15.1  (200) 

1.3  ('*.2) 

10.6  (140) 

0.9  (3.0) 

7  6  (100) 

125  (5) 

2.1  (6.8) 

25.7  (3^0) 

1.5  (4.8) 

18.2  (240) 

1.0  (3.4) 

12.9  (170) 

150  (6) 

2.3  (y.'*) 

40.9  (5^*0) 

1.6  (5.2) 

28.8  (380) 

1.1  (3.7) 

20.4  (270) 

200  (8) 

2.6  (8.5) 

83.3  (1100) 

1.8  (6.0) 

59.0  (780) 

1.3  (4.3) 

41.6  (550) 

If  the  particles  are  lighter,  their  size  smaller  or  their 
concentration  lower,  then  the  flows  required  will  be  less  than 
shown.   Similarly  if  the  deposits  are  relatively  large  and  of  a 
high  specific  gravity  (ie.  sand  or  rust  particles)  velocities 
greater  than  those  shown  will  be  required. 


The  AWWA  Standards  recommends  a  flushing  velocity  of  not 
less  than  0.8  m/s  (2.5  ft/s).     This  is  achieved  if  the  following 
flows  can  be  produced: 


Pipe  Diam. 
mm  (in.) 

Flow  required  to  produce  velocity 
of  0.8  m/s  (2.5  ft/s) 
1/s  (igpm) 

100  (4) 

6.1 

(80) 

150  (6) 

13.6 

(180) 

200  (8) 

25.0 

(330) 

250  (10) 

37.9 

(500) 

300  (12) 

55.3 

(730) 

350  (14) 

75.7 

(1000) 

400  (16) 

98.4 

(1300) 

450  (18) 

124.9 

(1650) 

(at  275   kPa  (40  psi)  a  65  mm  (2i  in.)  hydrant  outlet  will  discharge 
approximately  60  1/s  (800  igpm)). 
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If  these  velocities  are  not  obtainable  then  foam  swab- 
bing can  be  used  effectively  to  clean  the  main.   This  entails 
putting  shaped  pieces  of  foam,  about  20^  larger  then  the  main 
to  be  cleaned,  in  one  fire  hydrant  and  pushing  them  with  water 
pressure  to  a  second  hydrant.   Frequently  a  slug  of  hypochlorite 
is  placed  into  the  hydrant  with  the  swab  to  ensure  the  disin- 
fection of  any  contaminated  material  that  may  be  accidently  be 
introduced  into  the  water  system.   Swabbing  should  continue  to 
the  end  of  the  system.   Valves  and  hydrants  must  be  in  good 
condition  and  a  map  of  the  distribution  system  is  required  to 
plan   the  swabbing  sequence  and  to  avoid  losing  any  swabs.   Foam 
swabs  are  available  in  various  hardnesses  and  can  be  covered 
with  an  abrasive  coat. 

Foam  swabbing  is  also  required  when  the  material  is  close- 
ly adhering  to  the  pipe  wall,  as  in  the  case  of  sediment  that 
has  formed  a  continuous  soi  1-1  ike  mass  or  when  some  macroinvert- 
ebrates  that  can  grip  the  pipe  wall  such  as  Asellus  or  snails 
have  accumulated. 

When  there  is  a  drastic  loss  in  carrying  capacity  due  to 
serious  corrosion  causing  tuberculat ion  or  a  thick  sediment  or 
scale  accumulation,  then  mechanical  cleaning  methods  may  have 
to  be  used.   This  usually  involves  removing  sections  of  pipe  to 
allow  access  for  the  cleaning  equipment. 

Many  municipalities  avoid  flushing  because  it  "stirs  up" 
the  debris.   This  will  usually  lead  to  greater  problems  in  the 
future.  When  an  accumulation  of  debris  is  noticed  the  main  should 
be  cleaned,  by  swabbing  if  necessary,  and  the  treatment  process 
or  distribution  system  corrected  to  prevent  a  future  build-up. 

b)   Cleaning  Reservoirs 

Reservoirs  are  usually  much  easier  to  clean  than 
mains,  since  access  is  possible.   Cleaning  is  sometimes  not  as 
critical  as  with  mains  since  the  effect  of  debris  or  tuberculat ion 
on  capacity  is  negligible  and  the  ratio  of  the  side  area  to 
the  volume  is  a  great  deal  less.   However,  if  the  build-up  of 
sediment  or  growth  is  appreciable  its  effects  can  also  be  apprec- 
iable.  Bacteria  and  macroorgani sms  can  thrive,  and  act  as  a 
biological  reservoir  ready  to  seed  the  rest  of  the  distribution 
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system  when  the  conditions  are  suitable.   Also  thick  deposits 
may  promote  taste  and  odour  problems  due  to  local  anaerobic 
decomposition  of  organics  in  the  sediments.   If  the  sediment 
has  a  chlorine  demand,  the  chlorine  residual  can  be  drastical- 
ly reduced  or  eliminated,  which  could  create  subsequent 
problems  in  the  rest  of  the  distribution  system. 

Reservoirs  should  be  examined  on  a  regular  basis  for 
structural  defects  and  cleaned  when  necessary.   The  cleaning 
can  be  done  when  the  tank  is  either  drained  or  full.   If  the 
tank  can  be  easily  emptied,  the  sediment  and  biological  growths 
can  be  scrubbed  off  the  walls  and  bottom,  followed  by  a  wash- 
ing down  with  a  fire  hose.   The  tank  can  then  be  properly 
disinfected  (see  Sec.  3.3  b) .   If  for  some  reason  the  tank  can 
not  be  drained,  divers  could  be  sent  into  the  tank  to  inspect 
it  and  to  clean  out  at  least  the  worst  of  the  sediment.   This 
could  be  done  with  a  suction  hose,  attached  to  a  pump  or  siphon, 
to  vacuum  off  the  sides  and  bottom  of  the  tank.  Adequate  safety 
precautions  must  be  maintained  whenever  person  nel  enter  a  reservoi r. 

c)    Chemical  Cleaning 

Chemical  cleaning,  usually  with  high  chlorine  resid- 
uals can  be  used  to  clean  both  water  mains  and  reservoirs. 
However,  if  the  deposits  are  substantial,  it  can  be  a  very  long 
and  costly  method.   If  there  is  a  heavy  infestation  with  bact- 
erial slimes  or  macroorgan i sms ,  sudden  high  doses  of  chlorine 
can  cause  their  death  which  may  result  in  taste  and  odour 
problems  or  if  the  material  is  sloughed  off  it  can  result  in  block- 
age of  smaller  pipes  and  screens.   Also,  with  the  present  con- 
cern about  chlorinated  organics  it  may  not  be  desirable  to  add 
chlorine  to  large  amounts  of  organic  material  in  a  pot- 
able water  supply.   Some  form  of  flushing  or  swabbing  may  be 
advisable  before  chemical  cleaning  in  order  to  reduce:   the  format- 
ion of  chlorinated  organics;  the  time  to  restore  the  full 
capacity  of  the  pipe;  the  amount  of  chlorine  required  and  usual- 
ly the  cost. 

Frequently  chemical  addition  of  chlorine,  copper  or  pyreth- 
rins  can  be  used  effectively  in  any  cleaning  operation  to  kill 
or  inactivate  objectionable  biological  organisms  which  can  then 
be  easily  flushed  out. 
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If  only  chemical  cleaning  is  decided  upon,  it  should 
be  determined  if  the  ordinary  pipe  velocities  are  sufficient 
to  take  out  the  resulting  debris  or  if  periodic  flushing  of 
hydrants  will  be  required  during  the  rehabilitation  process. 

3:3    Pi  sinfect ion 

Before  mains  and  reservoirs  are  put  into  service  they 
should  be  cleaned  and  disinfected  according  to  the  AWWA  Stand- 
ards publications  C601-68  and  D102-6i4  respectively.   The  pur- 
pose of  these  procedures  is  to  kill  any  pathogens  that  may  have 
entered  the  system  while  it  was  being  built  or  repaired.   Its 
effectiveness  is  measured  by  the  absence  of  bacterial  indicator 
organisms.   However  if  human  fecal  pollution  is  suspected, 
disinfection  alone  may  not  be  sufficient  due  to  the  chlorine 
resistance  of  some  organisms  (eg.  parasitic  cysts).   Where 
possible,  flushing  with  potable  water  should  be  used  together 
with  chlorination  to  assure  a  pathogen  free  system. 

a)    New  Water  Mains 

When  installing  new  mains  every  effort  should  be 
made  to  keep  them  clean,  dry  and  free  from  dirt  and  debris. 
This  is  preferable  and  less  costly  than  relying  only  on  subseq- 
uent swabbing  to  clean  the  pipe.   When  the  main  is  clean  it 
is  then  disinfected,  flushed  and  then  the  water  is  sampled  for 
bacteria.   There  will  always  be  pressure  from  consumers  and 
builders  etc.  to  put  the  main  into  service  immediately.   This 
must  be  resisted  until  the  bacteriological  tests  indicate  the 
water  is  safe  to  consume. 

The  chlorinated  water  used  for  disinfection  of  the  main 
must  be  flushed  out  of  the  system.   Since  chlorine  is  very  toxic 
to  aquatic  organisms,  especially  fish,  this  water  should  not 
be  disposed  of  without  careful  thought  to  its  effect  on  the  receiv- 
ing water.   No  free  chlorine  should  be  discharged  to  a  stream 
or  river  and  a  combined  chlorine  residual,  if  detectable  in  the 
mixing  zone  of  the  receiving  water,  should  be  below  0.005  mg/1, 
and  then  only  for  a  few  hours.   If  the  receiving  stream  has  a 
low  dilution  potential  several  acceptable  means  of  disposal  are 
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possible.   Some  of  them  are:  slow  discharge;  dechlorination  with 
chemicals  (eg.  1.8  lb.  of  sodium  sulphite  is  required  to  dechlor- 
inate  1  lb.  of  either  free  or  combined  chlorine)  or  by  open  storage; 
or  hauling  the  toxic  water  away  by  tanker  to  a  suitable  area. 

b)  Rese  rvoi  rs 

Three  methods  of  disinfecting  reservoirs  are  out- 
lined in  the  AWWA  Standards  0102-6^4.   Prior  to  disinfection 
all  dirt  and  debris  must  be  removed  since  these  can  protect 
bacteria  from  the  lethal  doses  of  chlorine.   In  any  scrubbing 
procedure,  new  brushes  should  be  used  preferably  with  a  strong 
ch lor i  ne  sol  ut  ion . 

The  same  precautions  as  mentioned  previously  concerning 
the  toxicity  of  the  chlorine  to  aquatic  organisms  should  be 
observed  when  discharging  chlorinated  water  to  receiving  streams. 

Some    bacterial    problems    in    reservoirs    have    been    traced    to 
the    tank-coating   materials,    some   of  which    have    been    found    to 
provide    nutrients    for   bacterial    growths. 

c)  Main    Repa  i  rs 

The  scope  of  this  bulletin  does  not  include  the  methods 
involved  in  repairing  water  mains,  but  a  few  words  concerning 
their  disinfection  are  in  order.   For  minor  leaks  where  there 
was  always  a  positive  pressure  in  the  pipe  no  disinfection  is  re- 
quired.  For  minor  breaks  it  is  usually  acceptable  if  the  following 
procedures  are  followed:   the  inside  of  all  new  additions  of 
pipe  or  fittings  should  be  swabbed  with  a  5^  hypochlorite  solut- 
ion prior  to  replacement;   the  main  should  be  flushed  in  both 
directions,  if  possible,  and  treated  with  chlorine.   If  quick 
resumption  of  service  is  essential,  a  chlorine  dose  of  300  or 
500  mg/1  should  be  added  with  a  contact  time  of  at  least  3  hours 
or  5  hour  respectively.   This  residual  should  be  flushed  from 
the  main  and  then  bacterial  samples  taken  when  the  main  is  put 
back  into  service.   If  adverse  results  are  obtained  further  steps 
should  be  taken  to  again  clean  and/or  disinfect  the  contaminated 
ma  i  n . 
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The  AWWA  Standards  Manual  states  "The  public  cannot 
be  expected  to  tolerate  the  delays  in  the  restoration  of 
service  after  the  repair  of  a  broken  main  that  would  be  requir- 
ed for  the  disinfection  procedures  used  on  new  facilities". 
This  seems  to  imply  that  disinfection  is  not  important  when 
mains  are  repaired,  however,  it  is  essential  to  provide  path- 
ogen free  water  to  the  public.   If  the  contamination  of  the 
main  has  been  considerable  or  if  there  is  any  possibility  of 
fecal  contamination,  the  main  should  not  be  put  back  into 
service  until  the  results  of  the  bacterial  tests  confirm  its 
safety  or  if  the  service  is  essential,  a  temporary  "boil-water 
order"  should  be  issued  until  the  water  is  confirmed  safe  to 
drink. 
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